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Tom tit. Kha ning khang khuan caa nano bac ché tao bang phuong phap polyol str dung chat khir EG va
chéat bao vé PVP véi E.coli, S.aureus va P.aeruginosa dugc nghién ctu. Hat nano bac c6 kich thudc <20nm,
c6 d6 6n dinh sau thoi gian 28 ngay vé d6 hap thu. Hiéu sut diét khuan dat >99% véi E.coli sau thoi gian
tiép xtc 1 phit & nong d6 25ppm, >60% véi P.aeruginosa va >40% véi S.aureus sau thoi gian tiép xdc 5
phit & ndng do 100ppm. Ndng dé tc ché tdi thiéu (MIC) 1a 3,125ppm, 12,5ppm va 6,25ppm va ndng
d6 giét chét téi thiéu (MBC) tuwong ng 1a 6,25ppm, 25ppm va 12,5ppm lan luot véi E. coli, S.
aureus va P.aeruginosa. Nano bac dugc tao ra vgi chat khir khdng c6 doc tinh va kha ning diét
khuan hiéu qua c6 thé 1a ngudn nguyén liéu cho cac (ng dung trong linh vuc y sinh.

Tir khoa. Hiéu suat diét khuan, MIC, MBC, nano bac, polyol

ANTIBACTERIAL ACTIVITY OF SILVER NANOPARTICLES
PRODUCED BY POLYOL METHOD AGAINST E.COLI, SSAUREUS AND
P.AERUGINOSA

Abstracts. Antibacterial activity of silver nanoparticles produced by polyol using EG as a reductant and
PVP as a protectant against E.coli, S.aureus, and P.aeruginosa was studied. Nanoparticles were less than
20nm in size and stable after a period of 28 days. The sterilization efficiency was >99% with E.coli after 1
minute exposure at 25ppm of silver nanoparticle concentration; meanwhile it were >60% and >40% with
P.aerugonisa and S.aureus after 5 minutes exposure at the concentration of 100ppm. The minimum
inhibitory concentration (MIC) and the minimum bactericidal concentration (MBC) of silver nano particles
on E. coli, S. aureus and P.aeruginosa were 3,125ppm, 12,5ppm, 6,25ppm and 6,25ppm, 25ppm,
12,5ppm, respectively. Silver nanoparticles that is produced using non-toxic reductant and having
efficient antibacterial activity could be a source for biological medical application.

Keywords. MIC, MBC, polyol, silver nanoparticles, sterilization efficiency

1. GIOI THIEU

Nano kim loai déng vai trd quan trong va duoc ng dung rong rai trong nhiéu linh vuc nhu chin doan hinh
anh, danh diu sinh hoc, quang ttr hoc, quang dién tir [1]. Trong s6 cac nano kim loai, nano bac dwoc nhiéu
tac gia nghién ciu vé cac dic tinh quang, dién tir va hda hoc tlly thudc vao hinh dang va kich thudc hat
nano lién quan téi cac wng dung khac nhau. Nano bac d dugc st dung trong cac hoat dong chéng ung thur,
hap thu, xdc tac va trj liéu vét thuong [2]; trong cam bién hda hoc va sinh hoc do céc tinh chit tdn xa Raman,
c4c thiét bi dién tir va ung dung quang dién ting cudng nho tinh dan dién va din nhiét cao [3]; str dung
trong bang vét thwong va dung cu y sinh hoc nhd tinh khang khuan [4,5].

Cho dén hign tai c6 nhiéu phuong phap khac nhau dé diéu ché nano bac nhu: tong hop héa hoc, vat Iy, hoa
ly két hop, smh tong hop va téng hop hoa thuc vat. Mdi phuong phap déu cé uu, nhugc diém riéng lién
quan dén cac van dé nhu gia thanh, kha ning trién khai, kich thudc va su phan bé hat nano [6,7]. Trong cac
phwong phap ché tao nano bac thi phuong phap hoa hoc duoc sir dung phd bién nhat [8]. Phan wng khir d&
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dang thyuc hién dugc cling nhu khong yéu cau thiét bi phuc tap. Kich thudc, hinh dang va do bén cua hat
nano bac phu thudc vao phuong phap ché tao, dic tinh ctia dung moi, chat khr sir dung va nhiét do [9,10,11].

Trong nghlen ctru nay chdng toi tong hop nano bac bing phuong phap polyol sir dung ethylene glycol (EG)
lam chat khir két hop véi gia nhiét tir 150°C — 200°C va chat 6n dinh 1a polyvinylpyrridone (PVP) trong 1
gio. lon Ag* dudi tac dung cua chat khir EG tao ra nguyén tir Ag. Sau do, cac nguyén tir nay két hop voi
nhau tao thanh céc hat Ag co kich thugc nano.

Dung dich nano bac sau khi dugc ché tao tiép tuc dugc tién hanh kiém tra cac dac tinh va thir nghiém khang
khuan trén mot sé ching vi khuan bao gdm E.coli, S.aureus va P.aeruginosa. D tir 1au, ion bac dugc biét
dén 1a c6 kha nang tic ché ciing nhu ¢6 pho diét khuan rong [12]. Nano bac dugc quan thm nghién ctiu gan
day va dan duoc sir dung trong ndng nghiép va y té nhu mét vat liéu c6 kha nang khang khuan, khang nim
va chdng oxy hoéa. Nano bac duoc cho 1 ngin can qué trinh nhan 1én cua rat nhiéu loai vi khuan nhu
Bacillus  cereus, Staphylococcus  aureus, Citrobacter  koseri, Salmonella  typhii, Pseudomonas
aeruginosa, Escherichia coli, Klebsiella pneumonia, Vibrio parahaemolyticus vd& nam Candida
albicans theo co ché bam Ag/Ag+ vao cac phan tir sinh hoc c6 trong té bao vi khuan [13]. Hat nano bac c6
kha niang khang khuan phé rong [10,14,15]. Nano bac dugc wng dung trong céc thiét bi dién tur, dién hoa,
dugc pham va kiém soat sy phét trién cua vi sinh vat trong cac hé thdng sinh hoc nhiam gidp cac hé thdng
nay than thién vai hé sinh thai [9,14,15,16].

2. VAT LIEU - PHUONG PHAP

2.1. Téng hgp nano bac (AgNPs) biang phwong phép polyol

Nano bac dugc Kim va cs. (2006) [1] ché tao thanh cng bang phuong phép polyol sir dung chét khir 12 hop
chat polyol dé khir tién chét kim loai v6i su c6 mat caa chit bao vé va c6 su tac dong cua nhiét do cao.
Két hop polyvinyl pyrrolidone (PVP) (99.9%, Mw= 40000, Sigma Aldrich) véi ethylene glycol (EG), khuay
tir 500 — 700 vong/phit dén khi PVP tan hoan toan trong EG. B sung bac nitrate (99.9%, Mw= 169,87
g/mol, Sigma Aldrich) vao hdn hop dung dich néi trén va van tiép tuc khudy tir. Sau khi mudi bac da tan
hoan toan, gia nhiét 1&n 170°C — 200°C trong 40 phat. Lam lanh nhanh céc thay tinh chira dung dich nano
bac trong 20 phat va thu dung dich cho céc thi nghiém.

2.2. Kiém tra d@ic tinh (hinh dang, kich thwéc, dd bén) hat nano bac

Kinh hién vi dién tir quét (Scanning electron microscope, SEM) duoc sir dung dé quan sat hinh anh bé mit,
phan tich kich thudc, hinh dang, su phan bé, do tinh khiét va mirc d két tap hat nano bac. SEM c6 d6 phan
giai cao nén co thé xac dinh hinh thai hoc cua cac hat nano c6 kich thudc <10 nm [5]. Dung dich nano bac
dugc dua vao ludi dong va 1am kho tu nhién, tranh 1am kho bang nhiét s& lam dung méi bay hoi nhanh
khién cac hat nano bac bi tu lai, két dam véi nhau, truée khi duoc chup SEM.

St dung phd hap thy phan ti (Ultrawolet —visible spectroscopy, UV — vis) dé xac dinh hinh dang, kich
thudc, nong do cia nano bac dia vao céc thudc tinh quang hoc cua dung dich chira hat nano bac. Do hat
nano bac co kich thuéc nhé hon 20 nm chi ¢ mot bé mat plasmon duy nhat nén trong phd UV — vis cua
ching chi xuat hién 1 dinh (peak) duy nhit. Bac tinh cia cac hat nano bac dwoc xac nhan bang su hinh
thanh dinh cao giira khoang 410 — 420 nm trong quang phé UV — vis.

2.3. Kiém tra kha niing khang khuan ciia nano bac , 7
2.3.1.  Phuong phap thir nghiém diét khuan (Phuong phap déem khuan lac)

Chuang vi khuin Escherichia coli ATTC 25922, Staphyloccocus aureus ATCC 25923, Pseudomonas
aeruginosa ATCC 10145 va c4c méi truong thach dinh dudng nudi cy vi khuan trén lan luot 12 Mueller
Hinton agar (Sharlau), Baird Parker agar (Merck),Pseudomonas agar F va canh dinh duong la Luria broth
(LB, Invitrogen). O mdi éng thi nghi¢m: bé sung dich khuan vao sao cho ndng d6 cudi cling caa 6ng ¢6 sb
vi khuan dat 10° - 10° CFU/ml va ndng d6 nano bac bé sung sao cho cudi ciing dat 100ppm, 50ppm, 25ppm;
vortex. Sau 1, 3, 5 phat, hat 100ul dich trai déu 1én méi truong thach dinh dudng tuong (ng. Sau thoi gian
nudi cay, tién hanh dém khuan lac.

2.3.2.  Phurong phdp thir nghiém uc ché vi khudn (Phwong phdp do vong irc ché vi khudn trén dia thach)
Tinh nhay cam cta cac chung vi khuan voi nano bac dugc danh gia bang phuong phap khuéch tan dia. Pha
lo&ng dich khuan téi nong d té bao vi khuan dat 10° - 105CFU/mI. Hat 100ul dich khuan da pha loang ciy
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trai déu 1én trén bé mat thach dinh dudng twong ng véi ting loai vi khuan. Puc tao c4c giéng trén cac dia
thach (4 giéng/dia). Hat 100l dung dich nano bac & ndng do tir 400ug/ml — 0,195ug/ml theo ddy pha lodng
bac 2 cho vao cac giéng va dbi chirng &m sir dung EG. Céc dia dugc u ¢ nhiét d6 va thoi gian thich hop.
Sau thoi gian u tién hanh do vong e ché vi khuan. Két qua I1a vong tic ché sy phat trién vi khuan cua nano
bac [17].

2.3.3. Phuong phdp xdc dinh nong dg ¢ ché toi thiéu — minimum inhibitory concentration (MIC) va néng
do giet cheét toi thieu — Minimum bactericidal concentration(MBC)

Hiéu qua &c ché vi khuan cua cac nano bac dwoc kiém tra bang phuong phap MIC.MIC dugc xac dinh
trong méi truong LB sir dung pha lodng bac 2 cua AgNPs véi ndng do tir 100pg/ml dén 0,195pg/ml véi
ndng d6 vi khuan duogc diéu chinh bing may do quang phd (BioSpectrometer basic, Eppendorf) & budc
s6ng 625 nm 12 0,1 (1x108 CFU/ml; tiéu chuan 0,5 McFarland). Dung dich nano bac theo cac nong do twong
g va moéi truong canh LB véi ndng d6 vi khuan cudi cung dat 5x10° CFU/ml; d6i chiing thay dung dich
nano bac bang nudc mudi sinh ly va thoi gian va nhiét d6 u la 6 gio ¢ 37°C [18].

MIC 1a ndng d6 thap nhat cua nano bac wc ché sy phét trién caa vi sinh vat 99%. MIC da dugc ghi nhan
boi do duc ciia dng trudc va sau khi 1 vé6i vi khuan.Sau khi xac dinh MIC caa cac AgNPs, 100 pl cac mau
khéng cho thay su phét trién cua vi khuan dugc ciy trai vao dia thach twong tng ting loai vi khuan, u trong
24 gio & 37°C. MBC da duoc quan sat thay sy c6 mat hodc khéng c6 su phat trién caa vi khuan trong cac
dia thach sau khi . Piém cubi cia MBC duogc dinh nghia 1a ndng d6 thap nhét cia tc nhan khang khuan
giét chét 99,9% luong vi khuan ban dau.

3. KET QUA VA THAO LUAN
3.1. Ché tao nano bac

Hinh 1. Dung dich nano bac & cac nong do khac nhau (A. 25ppm, B. 50ppm, C. 100ppm, D. 500ppm)

Dung dich nano bac dugc ché tao ¢ dang trong sudt, c6 mau vang, khong cé hién twong ling can hay két
toa. Nong d6 mudi bac ban dau ¢6 anh huong nhét dinh dén hinh dang hat nano bac tao thanh. Néu néng
d6 dung dich AgNO3 ban dau qué 16n cac hat nano bac sé& ty lai véi nhau thanh nhiing hat Ién hon rat nhiéu.
Mt khac, néu nong d6 dung dich mudi bac ban dau qua thip thi cac hat nano bac tao thanh cé nhiéu kich
thudc khac nhau va kém bén. Céc hat nano bac ¢ hién tuong cong husng plasmon bé mat do dé tuy thude
vao ndng do va kich thudc hat nano ma dung dich chira hat nano bac ¢c6 mau sic tir vang nhat dén cam.
Céc hat nano bac ché tao trong nghién ctru ndy c6 dang hinh cau, phan tan déu, khdng bi két dam, kich
thugc <20nm. Hat nano bac cé kich thudc tir 5- 100nm duoc cho la ¢6 hiéu qua diét khuan tdt, va dat hiéu
qua diét khuan cao nhat khi hat nano bac c6 kich thuée 5nm [19]. Nong d6 va cac diéu kién ché tao bac
khéc nhau anh huong truc tiép dén kich thudc hat nano bac. Do d6, mudn ché tao nano bac c¢6 kich thuéc
va tinh chat nhu nhau qua cac 1an ché tao, phai dam bao ché tao trong cac diéu kién gidng nhau nhu toc do
khudy, thoi gian, nhiét do khir.
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S-4800 10.0kV 7.9mm x80.0k SE(U)

Hinh 2. Céc hat nano bac duoc chup dudi kinh hién vi dién tir quét (SEM)
3.2.Kiém tra dd bén hat nano bac

D¢ bio dam dugc cac tinh chét cac hat nano thi viéc ché tao hat nano bac ¢6 d9 6n dinh tot dong vai tro rat
quan trong. Binh (peak) cta dung dich nano bac cd nong do 500ppm thi d6 hap thu cuc dai tai budc song
410nm.
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Hinh 3. Phd UV- vis so sanh do bén dung dich nano bac 500ppm sau 0, 7, 14, 21, 28 ngay.

Peak c6 hién twong giam manh sau 7 ngay ché tao vi trong dung dich ton tai mot sb hat nano bac chua duoc
bao boc bai chat bao vé (& day 1a PVP) nén theo thoi gian cac hat nano bac nay s& két tu thanh hat Ion hon
hay bi oxi hoa tro thanh mudi bac. Tuy nhién, sau 28 ngay ché tao, dung dich nano bac cho thiy su 6n dinh
vé d6 hap thu (Hinh 3).

3.3.Kiém tra kha ning khang khuan ciia hat nano bac

3.3.1. Ket qud diét khuan cua nano bgc

Nano bac c6 hi¢u §u§t diét E.coli r?itﬁmanh. Sau thoi gian tiép xtc khoang 1 phut khi st dung dung nong do
bac 25ppm hau hét toan bo vi khuan da bi,tiéu diét. Trong khi do, hon 60% P.aeruginosa va hon 40%
S.aureus bi tiéu diét sau khoang thoi gian tiép xuc 5 phut khi sir dung nong d6 nano bac 100ppm.
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Bang 1. Hi¢u suat diét khuan (%) ciia nano bac ddi vai E.coli, S.aureus va P.aeruginosa.

Hiéu suit diét khuin (%)
Nong d6 nano bac | Thoi gian tiép xiic E.coli S. aureus P.aeruginosa
1 phat 99,29 29,12 43,41
3 phut 99,78 47,19 46,07
100ppm 5 phat 99,97 63,51 48,89
1 phat 98,01 18,33 35,37
3 phut 99,44 36,14 36,25
50ppm 5 phat 99,84 56,67 37,22
1 phat 96,95 15,53 25,64
3 phat 98,77 27,11 35,54
25ppm 5 phit 99,31 42,72 36,16

Ghost va Ramamoorthy (2010) [20] cong bd két qua E.coli DH5a bi trc ché 60% sau 30 pht va 100% sau
4 gio khi sir dung ham luong bac 50ppm. Trong nghién ciru vé co ché nano bac tac dong t6i DNA cua
S.aureus [21], sau thoi gian tiép xuc 6 gio voi ham luong bac 50ppm khién cho DNA cua té bao vi khuan
bi co lai va mét kha ning sao chép va khi tiép xUc t6i 12 gio thi té bao bi pha v va giai phong cac bao quan
ra ngoai.

3.3.2. Thi nghiém sc ché vi khudn cia dung dich nano bac
Kha nang tre ché vi khuan duoc thé hién bang ban kinh duong khang khuan (cm) noi khong xut hién khuan
lac tinh tir miéng giéng t6i chd xuét hién khuan lac trén dia thach.
Mot diéu thd vi 13, P.aeruginosa khdng bi tidu diét nhanh va triét dé nhu E.coli, nhung lai bi nano bac trc
ché rat manh. Tuong tu, S.aureus ciing bi nano bac trc ché manh. Trong khi d6, E.coli bi nano bac trc ché
yéu hon s0 véi hai loai vi khuan noi trén (Hinh 4).

25 -

Ban kinh vong trc ché vi khuan (cm)
[EN

0.5 A
0 - m n
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Nbng d6 dung dich nano bac (ppm)

Hinh 4. Ban kinh vong tc ché vi khuén ctia dung dich nano bac khac nhau déi véi E.coli, S.aureus va P.aerugonisa

Ban kinh duong khang khuén ctia nano bac ¢ nong do 400ppm c6 thé dat t6i hon 2cm déi voi P.aerugonisa.
Trén dia thach, hau nhu vi khuan khdng thé phat trién xung quanh giéng khi bi nano bac khuéch tan va tiéu
diét (Hinh 5).
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P.gerugino =

sa

Hinh 5. Kha ning trc ché vi khuén E.coli, S.aureus, P.aeruginosa ctia nano bac & cac ndng do khac nhau.

O ndng d6 thip 12.5ppm nano bac van trc ché hiéu qua dbi véi loai vi khudn nay khi ban kinh duong khang
khuan do duoc >1cm. Kha nang trc ché S.aureus ciia nano bac ¢ nong do 50ppm cho duong khang khuan
>0.5cm. Trong khi ¢ ndng do dung d1ch nano bac 400ppm, béan kinh khang khuan déi véi E.coli do duoc
<0.5cm (Hinh 4, 5).

3.3.3.  Thurnghiém néng do irc ché toi thieu (MIC) va nong dé giét chét tai thiéu (MBC)
Bang 2. Thir nghiém ndng do trc ché tdi thiéu cua nano bac & cac ndng do khéc nhau

ﬁong do 400 [200 [100 |50 25 |125 [6,25 [3,125 [1,56 (0,78 [0,39 [0,195
gNPs (ppm)

E.coli - - - - - - - - + + + +
S.aureus - - - - - - + + + + + +
P.aeruginosa |- - - - - - - + + + + +

(-): khéng thay xuat hién do duc cho thay khéng cd su ting truong vi khuan
(+): ¢6 do duc cho thay c6 su ting trudng cua vi khuan

Tht nghiém xac dinh duoc ndong dd6 MIC va MBC & 3 chung vi khuan cho két qua khac nhau. Sau 6 gio
khao sat, ndng do wc ché téi thiéu (MIC) caa nano bac vai E. coli, S. aureus va P.aeruginosa duogc xac dinh
1an Tuot 12 3,125ppm, 12,5ppm va 6,25ppm; con nong do giét chét téi thiéu (MBC) la 6,25ppm, 25ppm va
12,5ppm tuong tng. Két qua thir nghiém MIC sau 24 gio cua dung dich nano bac Ién 2 chang E. coli va S.
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aureus cua bénh vién Busan Paik 12 100 ppm [22]. So sanh cho thay nano bac tao ra trong nghién ciru nay
c6 kha ning tic ché ca 3 loai vi khuan rat tot & ham lugng thap. Tamboli va cs (2013) [23] cong bd gia tri
MIC cuia nano bac kich thudc 6-16nm lan luot véi E.coli, S.aureus, P.aeruginosa la 6,25ppm, 25ppm,
12,5ppm, cao hon két qua cua nghién ctiu ndy. Két qua thu duoc caa nghién ctru nay (Bang 2) tuong duong
Vvé6i nghién cau cua Jerzy va cong sy (2015) [24] thir nghiém tong hop nano bac trén PVA va PVA/ silica.
Sau 24 gio, MIC cua nano bac duoc téng hop PVA 1a 3,1 ppm dbi véi vi khuan E. coli va 6,25ppm  ddi
Vv6i P. aeruginosa va S. aureus va MBC 1a 6,25 ppm cho 3 chung. Ddi voi nano bac tong hop c6 PVA/
silica thi MIC 12 6,25ppm va MBC la 12,5 ppm dbi vai ca 3 loai vi khuan trén. Nhu vay, nano bac ché tao
bang phuong phap polyol cho kich thudc <20nm va cé kha ning e ché sy phaét trién cua vi khuan rat higu
qua.

4. KET LUAN

Hat nano bac dugc tao ra bang phuong phap polyol c6 st dung EG 14 chat khir nhe, khéng c6 doc tinh mang
vu diém than thién khi tmg dung vao cac muc dich lién quan dén linh vyc y sinh. Kich thuéc hat nano thu
duoc <20nm c6 kha ning diét khudn véi hiéu suit cao va ham luong tdi thiéu e ché su phét trién cua vi
khuan thap ddi véi E.coli, S.aureus va P.aeruginosa chimg t6 kha ning diét khuan rat hiéu qua. Két qua
ctia nghién ciru ndy 1a tién dé cho viéc nghién ctru sir dung hat nano bac ché tao bang phuong phép polyol
g dung trong viéc két hop véi cac vat liéu khéac c6 tinh ing dung trong thyc tién.
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